A double heterodyne interferometer using a multimode laser diode with a synthetic wavelength of ' 1 mm has been established and the stability ofthe synthetic wavelength has been investigated.
INTRODUCTION
Several kinds of lasers have been used in multiwavelength interferometry, e. g. a multiwavelength HeNe1, a monomode laser diode with acustooptical modulator (AOM), or several independent emitting lasers2'3. Ifthe application in question is to perform a measurement on the synthetic wavelength at relatively large distances rather than making measurements, which are performed on one wavelength, unambiguous around the point of equal optical paths, the main task is to create a synthetic wavelength of sufficient stability. In principle the stability ofthe effective wavelength which is generated by two modes of a multimode laser is better than that of several monomode lasers4; provided the stability of a single modes ofthe multimode laser equals the stability of the modes of the two free running lasers. To overcome the stability problem of two free running laser expensive electronic andlor optical coupling schemes are needed, which makes the usage especially of cheap multimode laser diodes (MMLD) attractive. In this paper we report a two-wavelength double heterodyne interferometer (DHI) using a MMLD.
PRINCIPLES OF OPERATION
A double heterodyne interferometer consists oftwo independent heterodyne interferometers working at different wavelengths A1 and X2 and different heterodyne frequenciesfi andf2 . Two wavelengths can be obtained from the multimode laser diode. After amplitude demodulation and band-pass filtering ofthe superimposed interference signals we get the low frequency signal 1(t) oc cos(2ir(fi -f2)t+(11 't)2)) (1) The interference phase difference (ti -t2 that depends on the wanted synthetic wavelength corresponds now to the target distance z. (2) Eq. (2) indicates the relationship among phase difference, the target distance and the synthetic wavelength. The distance sensitivity thus is reduced and the range of unambiguity for interferometric measurement is extended. Particularly, the fluctuation AAmmld of the synthetic wavelength caused by fluctuation of the driving current and the temperature is smaller than the fluctuation AA2ld of the synthetic wavelength generated by two monomode laser diodes4, because the two wavelengths of the multimode laser diode are amplified by the same cavity.
3. EXPERIMENT Fig. 1 is a sketch of a two-wavelength double heterodyne interferometer. The light of the MMLD (Sony model SLD2O2U-3) is split by a sinusoidal grating (SG), the positive and negative first diffraction-orders of it being focussed by two lenses. In the Fig. 1 Experimental setup focal planes the light of one longitudinal mode ofthe laser diode can be selected and coupled into a monomode fiber. The two beams with different wavelengths i and ?2 are shifted by the correspondent heterodyne frequenciesfi andf2 using two AOMs and are combined in a beam splitter (BS). Also the two zero orders are superimposed and serve as object beams. The object and the reference light is then superimposed twice, i.e. feeding two photodetectors (PD), which give the signals of a measuring and a control interferometer. Fig.2 shows the spectrum oftwo selected modes ofthe MMLD with the wavelengths 813.1 nm and 813.8 nm, constituting a synthetic wavelength of 1 .02 mm (observed from an optical spectrum analyzer). Of course other synthetic wavelength can be chosen, the largest possible being approximately 2mm.
RESULTS
The stability ofthe phase difference over 100 seconds is shown in Fig. 3 .The root-mean-square (RMS) of the phase difference measurement is 0.06° (corresponding to a distance resolution of 0.085 tm). Fig. 4 shows a distance measurement on a corner cube, which has been shifted every ten seconds. The movement was measured from behind by an HP interferometer model 5526 A. 
CONCLUSION
The stability of the synthetic wavelength established by two modes of a multimode laser diode has been investigated. Using a synthetic wavelength of 1 mm a distance resolution of 0.085 im has been obtained. With a path imbalance of 2. z = 1 2 mm corresponding to more than half the coherence length a resolution of 1 O has been obtained.
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